tetrahydrobenzothiazole-2,6-diamine; Quinelorane: (5aR-trans) 5a, 6, 7, 8, 9, 9a, quinazolin-2-amine dihydrochloride; Quinpirole: trans-(- 4a, 5, 6, 7, 8, 8a, Dopamine D3 receptors have received considerable interest since originally cloned (Sokoloff et al., 1990) . The D3 receptor shares significant sequence homology with the dopamine D2 receptor, but displays a much more restricted, limbic pattern of distribution compared to that of the D2 receptor in the rat (Levesque et al., 1992) and human brain (Gurevich and Joyce, 1999) . Based in large part on this restricted distribution and high sequence homology, it has been hypothesized that the D3 receptor may be of interest as a pharmacological target for antipsychotics and antiparkinsonian therapeutics (for review see Joyce, 2001 ). Additionally, the D3 receptor is thought to play a role in reinforcement pathways, as the D3 receptor is expressed in high levels within the mesolimbic dopaminergic system, and more specifically, the nucleus accumbens shell (Sokoloff et al., 1990; Stanwood et al., 2000) .
However, progress in defining a role for the D3 receptor has been slowed by the inability to identify behavioral effects that can be linked exclusively to a D3 mechanism (Levant, 1997) . This is, at least in part, due to the lack of pharmacologically selective compounds acting at either the D3 or D2 receptors, as well as the fact that potentially selective agonists have failed to elicit obvious, direct behavioral changes. While D2/D3 agonists and antagonists have been shown to produce changes in body temperature, locomotor activity, and other behavioral measures (Pugsley et al., 1995; Millan et al., 1995; Varty et al., 1998) , a role for the D3 receptor in the regulation of these effects has typically not been confirmed by studies using D3 receptor deficient mice (Boulay et al., 1999a; Boulay et al., 1999b; Xu et al., 1999) . Recently, increases in locomotor activity by MK-801 (Leriche et al., 2003) and blockade of the convulsant effects of dopamine uptake inhibitors (Witkin et al., 2004) 6 means has not been reported. The studies reported herein provide evidence supporting the contention that yawning induced by D2/D3 agonists is mediated specifically through D3 receptor activation.
The ability of dopaminergic agonists to elicit biphasic yawning resulting in an inverted Ushaped dose-response curve in rats has been a long-studied phenomenon (e.g., Mogilnicka & Klimek, 1977; Holmgren & Urba-Holmgren, 1980; Yamada & Furkawa, 1980 ). An early hypothesis regarding the biphasic regulation of apomorphine-induced yawning behavior attributed the induction of yawning behavior to a D2 agonist activity, while the inhibition seen at higher doses was thought to be due to a competing D1 agonist activation (Yamada & Furkawa, 1980; Urba-Holmgren et al., 1982) . The cloning of the dopamine D3 receptor and the development of agonists such as PD-128,907 (Pugsley et al., 1995) and 7-OH-DPAT (Levesque et al., 1992; Pugsley et al., 1995) as well as antagonists including U99194 (Cannon et al., 1982; Haadsma-Svensson and Svensson, 1998) , SB-277011A Reavill et al., 2000) and PG01037 (Grundt et al., 2005) with greater degrees of in vitro selectivity for the D3 receptor have allowed greater insights into the regulation of dopaminergic agonist-induced yawning behavior to be made. Based on a series of studies examining the unconditioned behavioral effects of 7-OH-DPAT (Daly & Waddington, 1993; Kurashima et al., 1995; Ferrari & Guiliani, 1995) , as well as binding studies (Levant et al., 1995) , Levant (1997) hypothesized in an extensive review that, D2/D3 agonist-induced yawning may be a D3 agonist mediated effect, while the inhibition seen at higher doses was a result of concomitant D2 agonist activation.
This hypothesis was evaluated in the present studies using a host of pharmacological tools. The abilities of a series of compounds with varying in vitro selectivities for the D3 Finally, in addition to dopaminergic mechanisms, yawning can be induced by cholinergic (Urba-Holmgren et al., 1977; Yamada and Furukawa, 1980) or serotonergic (Stancampiano et al., 1994) compounds. While the exact mechanisms and neural pathways involved in the regulation of yawning behavior have not been fully elucidated,
there is a large set of data that suggests that dopaminergic, serotonergic, and cholinergic induction of yawning occur via distinct mechanisms. In addition both dopaminergic and serotonergic pathways are thought to eventually feed onto cholinergic neurons, thus allowing for differential regulation of dopaminergic and serotonergic yawning, with a cholinergic component common in all three pathways (for review see Argiolas and Melis, 1998) . Therefore, some D3 antagonists that reduced PD-128,907-induced yawning were also assessed for their capacity to alter non-dopaminergicinduced yawning.
The convergent evidence from the agonist and antagonist studies support the hypothesis that dopamine agonist-induced yawning is mediated specifically through activation of D3 receptors. Therefore, yawning in rats may provide a critical model for establishing the in vivo activities of putative D3 selective ligands, a first step toward defining their role in normal and pathological physiological states.
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Yawning. Yawning behavior was defined as a prolonged (~1 sec.), wide opening of the mouth followed by a rapid closure. On the day of testing rats were transferred from their home cage to a test chamber (19 in. x 9 in. x 8 in. clear "shoebox" rodent cage with standard cob bedding), and allowed to habituate to the chamber for a period of 30 minutes. Antagonist or vehicle was administered as a 30 minute pretreatment prior to the injection of agonist or vehicle. Behavioral observations began 10 minutes after all injections, and the total number of yawns was recorded for a period of 20 minutes thereafter. Dose-response curves were first generated for all agonists with a vehicle pretreatment, with antagonists substituted for vehicle pretreatments in subsequent sets of experiments. Each rat was tested multiple times, with separate groups of rats used to establish dose-response curves for each agonist, or antagonist X agonist combination.
At least 48 hours was allowed between experimental sessions to allow for a drug Drugs:
quinelorane 5a, 6, 7, 8, 9, 9a, 4a, 5, 6, 7, 8, 8a, propyl-1H-pyrazolo [3,4-g] HCl, and SB-277011A, which was dissolved in 10% β-cyclodextrin. All drugs were administered sub-cutaneously (s.c.) in a volume of 1 ml/kg, with the exception of physostigmine, which was administered i.p. in a volume of 1 ml/kg. The 56.0 mg/kg doses of SB-277011A and PG01037 were administered in a volume of 3 ml/kg s.c. due to solubility limitations.
Data Analysis:
All yawning studies were conducted with 8 rats per group, and results are expressed as mean number of yawns during the 20 minute observation period ± standard error of the (Kulagowski et al., 1996) , at behaviorally active doses (Chaperon et al., 2003) mg/kg; p<0.001), while having no effect on yawning induced by lower doses of either PD-128,907 or quinelorane.
Non-selective dopaminergic antagonism of D2/D3 agonist-induced yawning.
Haloperidol, a non-selective dopaminergic antagonist with high affinities for all DA receptor subtypes Kulagowski et al., 1996) , was used at behaviorally active doses (e.g., Leriche et al., 2003) (Sautel et al., 1995; Flietstra and Levant, 1998; Audinot et al., 1998; Stemp et al., 2000; Grundt et al., 2005) , and were used at behaviorally active doses (Waters et al., 1993; Vorel et al., 2002; Di Ciano et al.; , Leriche et al., 2003 Millan et al., 2004) to examine their effects on yawning behavior in rats.
The effects of nafadotride (0.01, 0.1, and 0.32 mg/kg) on PD-128,907-induced yawning are shown in figure 3A . Other dopamine receptor antagonists. The D1-like receptor selective antagonist SCH 23390 (Barnett et al., 1986 ) and the D4 selective antagonist L-745,870 (Kulagowski et al., 1996) were used at behaviorally active doses (Patel et al., 1997; Chaperon et al., 2003) to assess the ability of D1/D5 and D4 antagonism respectively, to modulate the dose response curve for D2/D3 agonist-induced yawning. SCH 23390, at a dose of 0.01 mg/kg did not produce any significant change in the amount of yawning elicited by any dose of PD-128,907 tested (0.01 -0.32 mg/kg; data not shown). Likewise, at a dose of 3.2 mg/kg, the D4 selective antagonist L-745,870 failed to alter PD-128,907-induced yawning at any dose tested (0.01 -0.32 mg/kg; data not shown).
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D3-preferring antagonists on dopaminergic, cholinergic and serotonergic agonist
induced yawning. Figure 5 shows the effects of the D3-preferring antagonists;
nafadotride, U99194, SB-277011A, and PG01037 on yawning elicited by PD-128,907
(0.1 mg/kg), physostigmine (0.1mg/kg; i.p.), and TFMPP (3.2 mg/kg). Nafadotride 
Yawning is a D3 mediated behavior.
Several lines of evidence have been provided in support of the hypothesis that yawning is a D3 agonist mediated behavior. In general, all D3-preferring D2/D3 agonists induced significant amounts of yawning at low doses. While there were no significant differences in the effectiveness of the agonists with respect to induction of yawning behavior with the exception of apomorphine, there were differences in the potency of the D2/D3 agonists to induce yawning. The rank-order potency of the D2/D3 agonists to elicit yawning behavior was as follows; quinelorane, apomorphine, quinpirole, 7-OH-DPAT, pramipexole, and PD-128,907, while bromocriptine and PD-128,908 failed to elicit significant levels of yawning. The stereoselectivity of the yawning response with regard to 908] is an important finding, as dopamine receptors are selective with respect to more rigid agonists (DeWald et al., 1990) . Taken together with the findings of Stahle and Ungerstedt (1984) , who showed that (+)-3-PPP, but not (-)-3-PPP, will elicit yawning, our current findings provide further evidence that D2/D3
agonists are inducing yawning via dopaminergic agonist mechanisms. Differences in yawning induced by bromocriptine may be a result of pharmacokinetic differences, as bromocriptine has been shown to induce significant levels of yawning in studies using a 60 minute observation period (Protais et al., 1983; Zarrindast and Jamshidzadeh, 1992) .
Antagonists with a high degree of selectivity for the D3 compared to the D2 receptor selectively antagonized the induction of yawning behavior. Three of the four D3-preferring antagonists (U99194, SB-277011A, and PG01037) tested in the current studies possess the ability to dose-dependently and selectively antagonize the induction of yawning by PD-128,907, while having no effect on the inhibition of yawning observed at higher doses. As shown in figures 3C and 3D respectively, SB-277011A and PG01037, D3-preferring antagonists with similarly high degrees of in vitro D3 selectivity (100-and 133-fold respectively) produced almost identical effects on PD-128,907-induced yawning; significant, dose-dependent, downward/rightward shifts of the ascending limb of the yawning dose-response curve were observed, while the descending limb of the dose-response curve for PD-128,907-induced yawning was not changed. Similar effects were seen with the moderately selective (30-fold) D3-preferring antagonist U99194, however, unlike SB-277011A and PG01037, at relatively high-dose of 10.0 mg/kg, U99194 completely inhibited PD-128,907-induced yawning; however, it should be noted that at this dose U99194 effectively antagonized not only dopaminergic, but cholinergic and serotonergic yawning as well. Nafadotride, the least selective (3-fold) of the D3-preferring antagonists, was the only D3 antagonist to produce a non-selective antagonism of yawning behavior; shifting both the ascending and descending limbs of the dose-response curve for PD-128,907-induced yawning at the highest dose tested.
This effect was similar to that observed with haloperidol, a non-selective dopamine antagonist, and suggests that at a dose of 0.32 mg/kg, nafadotride is no longer selective for the D3 receptor, but rather is active at both the D3 and D2 receptors. Taken together, these data provide strong support for the hypothesis that the induction of yawning by D2/D3 agonists is mediated by an agonist activation of the D3 receptor.
Inhibition of yawning is a D2 mediated effect.
We have also provided evidence in support of the hypothesis that inhibition of D2/D3
agonist-induced yawning occuring at higher doses is mediated by an agonist activity at the D2 receptor. As shown in figure 2A and 2B, the D2-preferring antagonist L-741,626, at the first behaviorally active dose (1.0 mg/kg), selectively antagonized the inhibitory effects of high doses of PD-128,907 and quinelorane, resulting in a rightward shift in the descending limbs while having virtually no effect on the ascending limbs of the doseresponse curves for both PD-128,907-and quinelorane-induced yawning. In addition L-741,626 produced a rightward shift in the maximal effective dose of PD-128,907 and quinelorane, resulting in an increased effectiveness for both agonists. These data not only suggest that L-741,626, at a dose of 1.0 mg/kg, is an effective D2 antagonist in vivo, but that it is also devoid of D3 antagonist activity.
Further support for the differential regulation of yawning behavior by the D3 and D2
receptors was provided by the effects of the non-selective DA antagonist haloperidol. As However, it should be noted that in addition to possessing high affinities for the D3 and D2 receptors, haloperidol also has significant affinities for the D1, D4, and D5 receptors.
It is, however, unlikely that activity at these receptors is influencing PD-128,907-induced The findings of the current study confirm, and extend those of earlier studies (e.g. Yamada and Furukawa, 1980; Ushijima et al., 1984; Zarrindast and Poursoltan, 1989; Stancampiano et al., 1994) , and demonstrate that while scopolamine will dosedependently antagonize yawning induced by cholinergic, serotonergic, and dopaminergic agonists (figure 4B), serotonergic and dopaminergic antagonists are able to selectively antagonize yawning elicited by their respective agonists. More specifically, nafadotride, SB-277011A, and PG01037, D3-preferring antagonists with a wide range (3-133 fold) of selectivities for the D3 receptor over the D2 receptor in vitro, were able to selectively antagonize PD-128,907-induced yawning, while having no effect on yawning elicited by either physostigmine or TFMPP ( Figure 5 ). This suggests that SB-277011A
and PG01037 are not only selective for the D3 over the D2 receptor, but that they are also selective for the D3 receptor over certain serotonergic and cholinergic receptors at doses up to 56.0 mg/kg. Similarly, while nafadotride demonstrated little or no preference for the D3 compared to the D2 receptor in vivo, no serotonergic or cholinergic antagonist activity was detected at doses up to 1.0 mg/kg. However, in contrast to the effects of the other D3-preferring antagonists, U99194, at a dose of 10.0 mg/kg, significantly antagonized yawning elicited by PD-128,907, TFMPP and physostigmine, suggesting that at higher doses, it is no longer selective for dopaminergic receptors. While U99194 is unique in this regard within this group of D3-preferring antagonists, clozapine, an antagonist with significant affinities for dopaminergic, serotonergic and cholinergic receptors has also been shown to antagonize both dopaminergic and cholinergic yawning (Dubuc et al., 1982) , suggesting that antagonism of physostigmine-induced yawning may be a reliable measure of anti-cholinergic activity. Further evidence of an in vivo anti-muscarinic activity of U99194 has been demonstrated by Goudie and colleagues (2001) who showed in discrimination studies that U99194 generalized to a scopolamine cue, suggesting that U99194 may possess anti-cholinergic activity at higher doses. Although it has been suggested that U99194 functions as a D3 selective antagonist in vivo at doses ranging from 13.0 to 40.0 mg/kg based on its inability to increase plasma prolactin, to induce catalepsy, and to inhibit the induction of hypothermia by PD-128,907 (Audinot et al., 1998) , the results of the current study suggest that while U99194 may be selective for the D3 compared to the D2, a significant anti-cholinergic effect is apparent at 10.0 mg/kg. Thus the current studies support the hypothesis that dopaminergic, serotonergic and cholinergic agonists induce yawning via distinct mechanisms, and furthermore that yawning induced by D2/D3 agonists is a result of agonist activation of D3 receptors, and not serotonergic or cholinergic receptors.
To summarize the results of the studies reported herein, evidence has been provided in support of the hypothesis that the induction of yawning by D2/D3 agonists is mediated through an agonist activity at the D3 receptor, while the subsequent inhibition of yawning seen at higher doses is a result of an increasing D2 agonist activity. Based on these findings several conclusions can be drawn: First, the ascending limb of the doseresponse curves corresponds to doses that are selectively activating D3 receptors over D2 receptors, while the descending limb corresponds to those activating both the D3 and 
